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[57] ABsTRAcT 
A heat-hardenable reaction resin mixture including a 
polyisocyanate; a polyepoxy resin and an olefmically 
unsaturated compound having no active hydrogen 
atoms. Addition complexes of tertiary amines and boron 
trichloride having the general formula BCl3.NR1R2R3 
are used as accelerators. Polymerizate inhibitors may 
also be added. The mixture is very storage-stable and 
hardens in short times (quickly) at elevated tempera 
tures. The molding materials Obtained in this manner 
are highly resistant to thermal aging. 

10 Claims, No Drawings 



4,636,556 
1 

HEAT-HARDENING REACTION RESIN MIXTURE 
FOR IMPREGNATING INSULATION OF 

ELECTRICAL EQUIPMENT AND FOR THE 
MANUFACTURE OF MOLDING MATERIALS 

WITH AND WITHOUT INSERTS 

FIELD OF THE INVENTION 

The invention relates to a heat-hardenable reaction 
resin mixture for impregnating the insulation of electri 
cal equipment, formed by insulating sleeves on electri 
cal conductors made from foil or tape-shaped insulating. 
materials having high heat resistance, especially the 
insulation on the winding bars or coils in electric ma 
chines and also useful for the manufacture of molding 
materials with or without inserts. The resin mixture 
comprises polyisocyanates and (poly) epoxicle resins, 
including at least one ole?nically unsaturated com 
pound having no active hydrogen atoms, and including 
an accelerator (catalyst) system. 

BACKGROUND OF THE INVENTION 

Heat-hardenable reaction resin mixtures are disclosed 
by British Pat. Nos. 1,585,339, 1,474,371; and 1,421,460, 
and German Pat. Nos. DE-OS 27 22 400, DE-OS 24 32 
952 and DE-OS 23 08 802. These known mixtures of 
polyisocyanates/epoxide resins and unsaturated ole?nic 
compounds, produce molding materials having high 
thermal dimensional stability, long-term heat resistance 
and good mechanical and electrical properties when 
cross-linked in the presence of certain accelerator sys 
tems. The use of these known mixtures has not been 
entirely successful due to technical dif?culties associ 
ated with the accelerators or accelerator systems de 
scribed in the above-named publications which cause 
the mixtures to harden either too slow or too fast. Thus, 
it has not been possible, for example, to economically 
produce insulations with known mixtures of polyisocya 
nate, epoxy resin and olefmically unsaturated com 
pounds ancl accelerator systems because the viscosity of 
these mixtures either increases too fast interfering with 
complete impregnation or, too slow, so that hardening 
in an economically feasible time does not take place. 

SUMMARY OF THE INVENTION 

In order to solve the foregoing problems, addition 
complexes of tertiary amines and boron trichlorides 
having the general formula 

are used according to the invention as accelerator sys 
tems in a heat-hardenable reaction resin mixture useful 
for impregnating electrical conductors of the type men 
tioned above and for manufacturing molding materials 
with or without inserts. The heat hardenable resin mix 
ture of the invention comprises a polyisocyanate, a 
polyepoxide and at least one ole?nically unsaturated 
compound having no active hydrogen atoms, and the 
accelerator system wherein R1, R2 and R3 are the same 
or different aliphatic, aromatic, heterocyclic or aryl-ali 
phatic radicals; and where R; and R3 may also be bound 
to each other as well as to the tertiary amine nitrogen 
atom. The tertiary nitrogen atom may also be incorpo 
rated into a ring system which may contain multiple 
bonds and may have an aromatic character, thus R1, R2, 
R3 are combined to a trivalent organic radical which is 
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2 
bound to the nitrogen via a simple-C and a double-C 
bond. 

DETAILED DESCRIPTION OF THE 
INVENTION 

In a reaction resin mixture of polyisocyanate/ 
polyepoxide resin and at least one ole?nically unsatu 
rated compound having no active hydrogen atoms the 
accelerator systems of this invention exhibit a pro 
nounced latency, i.e., the reaction resin mixture includ 
ing accelerator can be stored at room temperature for 
weeks without a substantial increase in their viscosity 
values. 
With a resin mixture having a combination of compo 

nents in accordance with the present invention, impreg 
nation of the insulation may be carried out at room 
temperature and good penetration of the insulation is 
assured. Likewise, molded bodies with or without in 
serts can be cast at room temperature. 

Incipient gelling of the penetrated reaction resin sys 
tem takes place at temperatures of about 70° to 140° C. 
in a short period of time as indicated by the data appear 
ing in Table l which is set forth below. Gelling may be 
effected either outside the impregnating bath or inside 
the same by means of electric heating and complete 
in-bath hardening by means of electric heating is also 
conceivable. Gelling minimizes running, dripping and 
other undeirable movement of the resin mixture prior to 
hardening. Thus, impregnated or cast objects can be 
brought to final hardening in ovens in any desired posi 
tion without danger of the penetrated reaction resin 
mixture ?owing out of the object. In the hardened con 
dition, this reaction resin mixture produces an insulation 
or molding material of high dimensional heat resistance 
and high long-term thermal resistance, which are useful 
properties at the high operating temperatures typically 
experienced by such insulation. 

Addition of a conventional polymerization inhibitor 
such as quinhydrone, hydroquinone and/or hy 
droquinonemonomethyl ether, can further increase the 
storage stability of the mixtures without appreciable 
lengthening of the gelling times of the resin mixture at 
elevated temperatures. 
Although the latent accelerator action of boron tri 

chloride adducts (BCl3-adducts) similar to those of the 
corresponding boron ?uoride adducts (BF3-adducts) in 
epoxy resins or epoxy resin hardener systems, as well as, 
the latent accelerator action of the BCl3-adducts for 
isocyanate epoxy systems are known (German Pat. No. 
26 55 367), it is not obvious that the BClg-amine com 
plexes are also suitable accelerators for mixtures of 
polyisocyanate(poly)-epoxy resins and an ole?nically 
unsaturated compound having no active hydrogen 
atoms, or that the latent action is even more pro 
nounced in such mixtures. This is even more surprising 
since the corresponding BFg-amine complexes do not 
exhibit this property in mixtures of polyisocyanat 
(poly)-epoxy resins and ole?nically unsaturated com 
pounds having no active hydrogen and such accelera 
tors must be classified in the group of conventional 
aminic accelerators. 

Surprisingly, the long-term heat resistance of the 
mixtures of this invention is further increased by the 
addition of the olefmically unsaturated compounds hav 
ing no active hydrogen atoms so that higher operating 
temperatures for the insulating and molding material 
produced from the reaction resin mixture of this inven 
tion are possible. 
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High storage stability of the reaction resin mixture is 
achieved if about 0.01 to 5.00 percent by weight of 
accelerator is included in a mixture of polyisocyanate( 
poly)-epoxy and ole?nically unsaturated compounds 
having no active hydrogen. 
The (optional) polymerization inhibitor may be 

added in amounts of about 0.0001 to 2 percent by 
weight preferably 0.0005 to 0.5000 percent by weight. 
More preferably, about 0.05 to 2.50 percent by weight 
accelerator and 0.01 to 0.05 percent by weight inhibitor 
are employed in order to achieve trouble-free gelling at 
elevated temperatures. 

In order to minimize thermal aging of insulation im 
pregnated with the reaction resin mixture according to 
the invention, it is advisable to keep the content of the 1 
(poly)epoxy compound in the reaction resin mixture 
lower than the content of the ole?nically unsaturated 
compound having no active hydrogen atoms. It is also 
advantageous if the polyisocyanate compounds used are 
liquid at room temperature because these are easier to 
handle in room temperature impregnations. Suitable for 
this purpose are polyisocyanate mixtures of diphenyl 
methanediisocyanate or toluylenediisocyanate or 
isophoronediisocyanate. 
The purity of compounds used in the reaction resin 

mixture must always be considered because impurities 
may prematurely catalyze the gelling and hardening 
reactions. Such catalysis must be effected only by the 
accelerator system disclosed herein to achieve the en 
hanced stability associated with this invention. 
Examples of epoxides useful in the practice of this 

invention are bisphenol-A-diglycidyl ether, bisphenol 
F-diglycidyl ether, resorcin-diglycidyl ether, the 
known cycloaliphatic epoxides, for instance, 3,4-epox 
ycyclohexylmethyl-3,4-epoxy cyclohexane carboxyl 
ate, as well as, heterocyclic epoxy compounds based on 
hydantoine, as well as, monofunctional epoxies such as 
phenylglycidyl ether, O-cresylglycidyl ether, glycidyl 
ether, etc. Additional examples of useful epoxides are 
listed in the “Handbook of Epoxy Resin” by H. Lee and 
K. Neville, (McGraw-Hill Book Company, 1967). Par 
'ticularly advantageous is the use of very high-purity 
bisphenol-A-diglycidyl ether or very high-purity bis= 
phenol-F-diglycidyl ether. 
The preferable ole?nically unsaturated compounds 

are those which have no hydrogen atoms reactive with 
the isocyanate (NCO) groups of the polyisocycanate, 
for example, styrene, C1-C4 alkylstyrenes, methacrylic 
acid C1-C8 alkyl esters, diallylphthalate, di-or trimetha 
crylic acid esters. Any desired mixtures of these com 
pounds can also be used. Preferably, styrene and/or 
(meth)acrylic acid alkyl esters are used. 
The addition complexes of tertiary amines and boron 

trichloride useful as accelerator systems according to 
the invention may further exhibit secondary properties 
which dictate the choice of the one such compound 
over another under speci?c conditions. Preferred accel 
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erators are addition complexes of boron trichloride with 
tertiary amines, in which R1 and R2 consist of identical 
radicals preferably methyl groups and R3 is an alkyl, 
aralkyl, aryl or a heterocyclic radical. Also complexes 
of pyridine or l-substituted imidazols are used. Addition 
complexes of boron trichloride with dimethyloctyla 
mine have the advantage that they are readily soluble in 
the claimed mixtures. While the addition complexes of 
boron trichloride with benzyldimethylamine are some 
what more difficult to dissolve, their solutions exhibit 
higher storage stability at room temperature and the 
complex as such is also less hydrolysis-sensitive. NH— 
and OH- group-containing accelerator systems are less 
desirable because they form relatively chemically unsta 
ble urea and urethane structures and therefore greater 
thermal aging is to be expected. 

Polymerization inhibitors which cause a further in 
crease of the storage life of the claimed reaction resin 
mixture are conventional polymerization inhibitor sys 
tems such as quinhydrone, hydroquinone, hydroqui 
none-monomethyl ether, nitrobenzene, dinitrobenzene, 
dinitrochlorobenzene and other compounds which pre 
vent the free-radical polymerization of the ole?nically 
unsaturated compound having no active hydrogen 
atoms. 
The reaction resin mixtures according to the inven 

tion may also contain inorganic mineral fillers for the 
manufacture of molding materials. Customary ?llers 
are, for instance, quartz meal, aluminum oxide or chalk. 
The invention will be explained in further detail in the 

following examples: 

EXAMPLE 1 

First, the storage stability of an accelerated reaction 
resin mixture was investigated. The components of this 
reaction resin mixture were: 100 g of a very high-purity 
isomer mixture of diphenylmethanediisocyanate, 25 g 
styrene (dried on a molecular sieve), 6.6 g of very high 
purity bisphenol-A-diglycidyl ether with an epoxy 
number of 0.58. 

Test No. l, in Table 1 shows the course of changes in 
the viscosity of this resin mixture at room temperature 
over 4 weeks. 

EXAMPLE 2 

To the mixture mentioned in Example 1, the follow 
ing accelerator or accelerator/inhibitor systems are 
added: 
Test No. 2: 0.4 g BClg-dimethylbenzylarnine 
Test No. 3: 0.4 g BClg-dimethylbenzylamine+0.0l5 g 

quinohydrone 
Test No. 4: 0.4 g Bclg-dimethyloctylamine 
Test No. 5: 0.4 g BCl3-dimethyloctylamine+0.015 g 

quinhydrone 
Test No. 6: 0.2 g dimethylbenzylamine 
Test No. 7: 0.3 g BFg-benzyldimethylamine 

TABLE 1 
Viscosity in mPas after storage 

At room temperature Gelling time 
(measuring temperature 23.5’ C.) (min) 

Test Initial l 2 3 4 5 At 
no. value week weeks weeks weeks weeks 110° C. 130° C. 

l 5.3 — — 8.5 10 -— — —— 

2 7.2 -— -— 77.8 128.4 -— 113 105 

3 5.3 — — 10.0 49.2 — 105 98 

4 7.2 — — 14.6 300 — 30 26 

5 5.3 — — 39.4 100 — 28 23 

6 5.3 gelled — — — — 23 — 
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TABLE l-continued 
Viscosity in mPas after storage 

At room temperature Gelling time 
(measuring temperature 23.5° C.) (min) 

Test Initial 1 2 3 4 5 At 

no. value week weeks weeks weeks weeks 110°C. 130° C. 

after 
lday 

7 6.0 gelled — — —— — 100 90 

after 
about2 
days 

Changes in the viscosity of these reaction resin mix 
tures (l-7) were periodically measured after storage in 
closed vessels. Storage and measurement took place at 
room temperature. From Table 1, advantages of the 
accelerator systems according to the invention over the 
accelerators in Tests 6 and 7 can be seen clearly. 

EXAMPLE 3 

Test rods consisting of ?at rods of copper, wrapped 
with four layers of half-way overlapping polyimide foil 
and a cover layer of a woven glass fabric were impreg 
nated at room temperature in a vacuum with a mixture 
according to Test 4 (Example 2). Before impregnation, 
the viscosity of the reaction resin mixture was about 7 
mPas at 23.5° C. After the impregnation, the test wind 
ing was taken to a heating oven at 130° C. With the 
same resin mixture, three large standard rods without 
inserts and a sheet 200><200><3 mm were cast as 
molded materials. 

After about 80 minutes, the reaction resin mixture in 
the test rods and in the molds had gelled. After a total 
heating time of three hours at 130° C., the temperature 
was held for another twenty~four hours at 180° C. and 
?nally, another twenty-four hours at 200° C. The me 
chanical and electrical property values of the molding 
materials are shown in Table 2. Saturation of the insulat 
ing sleeves of the test rods was good. 

TABLE 2 
TM (Martens temperature) 220° C. 
Bending strength 150 N X rum’2 
Impact bending strength 11 mm Nmm“2 
tan 4 at 50 Hz = {(4): 0.0005 (100° (2.) 

0.0004 (150' 0.) 
0.0005 (200' C.) 

EXAMPLE 4 

A ?ller-containing reaction resin with the composi 
tion: 
100 g pure isomer mixture of the diphenylme 
thanediisocyanate 

25 g bisphenol-F-diglycidyl ether 
25 g styrene 
227 g quartz meal (16900) 
135 g silitin 
0.925 g BCl3.dimethylbenzylamine exhibits the follow 

ing viscosity increase over time at 50° C.: 

Initial value 

1290 

After 5 hrs After 10 hrs After 30 hrs 

1420 1620 3200 mPas 

It is subjected to the following hardening sequence 
for the manufacture of molding materials: 
8 hours at 80° C. 
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6 hours at 150° C. 
16 hours at 200° C. 
The hardened molding materials exhibit the follow 

ing mechanical properties: 

115 i 15 N mm": Bending strength 
Impact bending strength 9 i . 2. mm N mm‘2 
Martens temperature TM >220° C. 

EXAMPLE 5 

A ?ller free-reaction resin, with the composition: 
100 g pure isomer mixture of diphenylmethanediisocya 

nate 
25 g bisphenol-F-diglycidyl ether 
25 g styrene 
0.925 g BCl3.dimethylbenzylaminc exhibits the follow 

ing viscosity increase over time at room temperature 
(25° C.): 

Initial value After one week After two weeks 

11.7 14.2 25.6 mPas 

The following hardening is performed for the manu 
facture of molding materials: , 
8 hours at 80° C. 
6 hours at 150° C. 
16 hours at 200° C. 
The hardened molding materials exhibit the follow 

ing properties: 

TM (Martens temperature) 177° C. 
Bending strength 149 N X mm-Z 
Impact bending strength 11 m N min"2 

What is claimed is: 
1. A heat-hardenable reaction resin mixture for im 

pregnating insulation on electric equipment comprising 
a polyisocyanate, a polyepoxy resin, at least one ole?ni 
cally unsaturated compound having no active hydrogen 
atoms, and an accelerator comprising an addition com 
plex of a tertiary amine and boron trichloride having 
general formula 

where R1, R2 and R3 are the same or different aliphatic, 
aromatic, heterocyclic or aryl-aliphatic radicals. 

2_. The heat-hardenable reaction resin mixture accord 
ing to claim 1, wherein the radicals R1, R2 and R3 or two 
thereof are bound to each other in addition to the ter 

} tiary amine nitrogen atom. 
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3. The heat-hardenable reaction resin mixture accord 
ing to claim 1, wherein the tertiary nitrogen atom is 
incorporated into a ring system which contains multiple 
bonds and may have an aromatic character and in this 
case R1, R2, and R3 are combined to a trivalent organic 
radical which is bound to the tertiary nitrogen via a 
simple-C and double-C bond. 

4. The heat-hardenable reaction resin mixture accord 
ing to claim 1, wherein there is about 0.01 to 5.00 per 
cent by weight accelerator. 

5. The heat-hardenable reaction resin mixture accord 
ing to claim 1, wherein there is about 0.05 to 2.50 per 
cent by weight accelerator. 

6. The heat-hardenable reaction resin mixture accord 
ing to claim 5, further comprising a polymerization 
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8 
inhibitor in a concentration of about 0.001 to 2.00 per 
cent by weight. 

7. The heat-hardenable reaction resin mixture accord 
ing to claim 6, wherein the concentration of inhibitor is 
about 0.0005 to 0.5000 percent by weight. 

8. The heat-hardenable reaction resin mixture accord 
ing to claim 1, wherein the accelerator is an addition 
complex of the boron trichloride with dimethyloctyla 
mine. 

9. The heat-hardenable reaction resin mixture accord 
ing to claim 1, wherein the accelerator is an addition 
complex of the boron trichloride with dimethylbenzyla 
mine. 

10. The heat-hardenable reaction resin mixture ac 
cording to claim 6, wherein the inhibitor is quinhy 


